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FOPEWORD

This work was initiated in an effort toward the design
and fabrication of a prototype recovery parachute assembly to
enable the airdrop, by use of parachutes in a cluster, of a
50,000-lb unit load. The first phase of this study was con-
cerned solely with the design aspects; the second phase dealý
with fabrication.

Volume II presents the results of work on the direct
design of the selected prototype parachute assembly.

This work was conducted under U. S. Army Project
1F162203D-195, Exploratory Development of Airdrop Systems,
by Pioneer Parachute Company, Manchester, Connecticut, under
contract DAAG17-6-0-1142.

The project engineer was Mr. Royce A. Toni of the
contracting agency. The work was performed under the direc-
tion of Mr. Arthur W. Claridge, the project engineer for
the U. S. Army Natick Laboratories.
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ABSTRACT

This report covers the direct design aspects of the
selected prototype cargo recovery assembly for airdropping
heavy unit loads in the order of 50,000 pounds.

The detailed design of the components is covered as well
as stress analysis to determine the margins of safety for
the materials selected, Material lists and weights for the
components are provided. Laboratory testing of individual
components and strength efficiency of stitch patterns are
shown.
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1. •NTRODUCTION

The prototype parachute assembly shown in Fig. 1 repre-
sents a system that, when used in a cluster of six, uill
enable the airdrop of a 50,000-lb unit load. This partit-
ular configuration was ult~nately selected on the basis of
findings presented in Volume I of this series.

As a result of the Volume i study, these aspects deal
primarily with detail. The purpose of Volume II is to
present the results associated with the direct design
aspects.

2. SPECIFICATIONS

a. Design

The parachute system was designed to meet all the
requirements stated in Volume I, Section 3.

(1) Parachute Size

The procedure followed to determine the size of
the parachute system (135-ft-DO) is presented in Volume I,
Section 9.

(2) Opening Force

The method used to define the maximum force
(28,300 lb) experienced by any one parachute when used in a
cluster of six to airdrop a 50,000-lb unit load, is presented
in Volume I, Section 10.

b. Components

The selected prototype assembly consists of the
following cnmponents:

(a) canopy, which has the subcomponents
(1) suspension lines,
(2) vent ring, and
(3) center line;

(b) risers, which have the subcomponent
(1) separable link;

a (c) riser extension;
(d) suspenslon clevis, which has the subcomponent

(1) bushing;
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(e) deployment bag and bridle; and

(f) reefing components.

The canopy is solid-flat circular, having a 135-ft
nominal diameter (Do0). The suspension lines are approni-
mately 0.35 x D• in length, measured fron the separable link

%o the canopy skirt; the lines continue to run through the
canopy main seam up to the vent ring and return to the sepa-
rable ilnk via the adjacent gore.

The center line Is of two-ply construction and has
a length approximately equal to the total length of the
suspension line and its riser plus D0 /10.

The risers are approximately 0.65 x D in length.
At one end are separable links to which the suspension lines
can be tied; the other end is looped so as to be accommodated
by the clevis. The construction of this item is such that
for every four ends connecting to a total of forty suspension
lines (10 lines per end) the other (and only) end connects to
the clevis.

The riser extension Is of 6-ply construction and
looped at one end so as to be fitted into the clevis. The
other end, the load-attachment point, is looped to accommo-
date a hardware fitting supplied by Natick Laboratories.

c. Deployment Conditlons and Weight

h"he gross rigged weight for a cluster of six of
the specified parachute assemblies is 50,OOC lbs. The approx-
imate weight of one parachute assembly, including the deploy-
ment bag, is 513 lbs.

When used as a member of a six-parachute cluster, the
parachute is capable of opening without structural failure
when released at a speed of 223 ft/sec and a dynamic pressure
of 76.3 itI/ftt.

d._ Marg[ina of .SafetX

The margins of stafety f"r structural loads in the
above-cited opening environment are posit.ve for all compo-
nents.

GO.RE LAYOUT

The matari.al used for the canopy of a parachute assembly
is ususally taken from a roll, whiah ls of a given number of
ruining yards uIn length) and of a given number of inches in



width. For a solid-flat circular canopy, the number of gores
required normally dictates the width of the fabric. However,
for the parachute configuration under design, other consider-
ations dominated, primarily the decision to use Military-
Specification materials for all fabric components. To adhere
to this requirement for suspension lines, it became necessary
to assign tc the assembly 160 gores. Therefore, the selected
prototype parachute assembly is a 135-ft-nominal-diameter
solid-flat circular configuration having 160 gores.

a. Basic Gore Geometry

The geometry associated with a basic gore for a solid-
flat circular canopy is depicted in Fig. 2. This geometry is
representative of the gore's desired finished dimensions.

The theoretical length of the gore is given by

R = D /2. (3-1)

The vent radius can be expressed as a rraction of the
theoretical gore length. Hence,

V R = aR. (3-2)

The angle subtended by the intersection of the two
theoretical lengths of the gore at the parachute's theoreti-
cal center is simply defined by

2# , (3-3)

where N is the number of gores comprising the particular cor-
figuration.

The widths of the gore at the vent and skirt respect-
ively are given by

M = 2V, sin (3-4)
and

U = 2R sin *. (3-5)

The actual length and height of the gore are given,
respectively by

and G R - VR 
(3-6)

T = G cos *. (3-7)

Table 1 lists the geometry associated with the basic
gore for the prototype parachute assembly under design herein.

4
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Fig. 2. Geometry associated with a basic gore of a
solid-flat circula canopy.
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TABLE 1
GEOMETRY

ASSOCIATED WITH
BASIC GORE

OF A 135-ft-D0

SOLID-FLAT
CIRCULAR CANOPY

OF 160 GORES

a = 0.04

N = 160 gores

Do = 135 ft
R = 67.5 ft
VR = 32.4 in.

* = 107t30"

M - 1.272 in.

1 = 31.801 in.

G = 64.800 ft

T - 64.788 ft

b. Fullness and Seam Allowances

The geometry associated with a basic gore, including
fullness allowance and seam allowance, for a solid-flat circu-
lar canopy is depicted in Fig. 3.

(I) Fullness

The dimensions for the gore widths at the vent
and skirt respectively become

adMf = M(I + fM) (3-8)
and

0Of . 0 (I + fm), (3-9)

where the terms fm and f? represent respective fullness
factors.

"The dimensions for the gore"! actual Iength and

height become respectively

Gf . G (1 , fo) (3-10)

6
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Fig. 3. Geometry associated with a basic gore, including
fullr.es allowance and seam allowance, for a scod-flat circular

canopy.
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TABLE 2
GEOMETRY

•LSSOCIATED WITH
BASIC GORE,

INCLUDING FULL-
NESS ALLOWANCE,
FOR A 135-ft-Do

SOLID-FLAT
CIRCULAR CANOPY

OF 16o GORES

fm = 0.10

fu t- 0.0
fo G 0.0

I 1n.
31-80 in.1I.1 = 64.8oo rt-

T,= 64.788 tt%-

Mf- = l .399i n
and Tf fGfcs 

(3-11)
where the term fG represents a fullness factor and

a = n-1 f -Mf.(3-12)

Table 2 lists the geometry associated with thebasic gore, including the fullness allowance, for the proto-type parachute assembly under design herein.

(2) Seams

The dimensions for the gore's widths at the ventand skirt become respective]y

K a Mf + 2(Tos a + Y tana (3-13)

A - Uf + 2(.•os + Z tan a), (3-i!)

8



TABLE 3
GEOMETRY

ASSOCIATED WITH
BASIC GORE,

INCLUDING FULL-
NESS ALLOWANCE

AND SEAM
ALLOWANCE, FOR

A 135-ft-D0

SOLID-FLAT
CIRCULAR

CANOPY
OF 160 GORES

X= 1.5 in.

Y = 2.0 in.

Z = 2.0 in.

K = 4.322 in.
A = 34.879 in.

L = 65.121 ft

where the term X represents the seam allowance along the
gore's length and Y and Z represent the seam allowance at the
gore's two widths.

The dimension for the gore's height becomes

L - Tf + Y + Z. (3-15)

Table 3 lists the geometry associated with the
basic gore, including the fullness allowance and the seam
allowance, for the prototype parachute assembly under design.

c. Panels Within the Gore

Owing tc ;he size of a gore, it sometimes becomes
impractical to design It as a solid piece of cloth. As a
result, the gore must be designed so as to be comprisee of
panels. Figure 4 depicts the geometry associated with a gore
comprised of n panels for a solid-flat circular canopy fabri-
cated from a roll of cloth 36,5 inch wide.

The number of panels comprising the gore can be
determined by the expression

n L S, + 2; (3-16)n S

9
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AA.9

Fig. i. Geometry associated with an n-panel gore of
solid-flat circular canopy, fabricated from a 36.5-in.-wide
roll of cloth.
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for a 36.5-In.-width fabric and a 1.5-in. seam allowance (X is
1.5 in.),

S - 49.498 in. (3-17)
and

S, U, - 2.121 in., (3-I1)
where

Ui = 51.618 in. - ½A. (3-19)

(1) The First Panel

The geometry associated with the first panel of
a gore comprised of n panels for a solid-flat cirr '.ar canopy
fabricated from a 36.5-in.-wide roll of cloth is _picted in
Fig. 5. Referring to this figure, it can be seen that

8 = 450 + a, (3-20)

Y = 450 - a, (3-21)

U1 = 51.618 - 1A, (3-19)

Si = U, - 2.121, (3-18)

B = 35 (3-22)

sin 0'
and, finally,

c = 36.5 - 0.707A 
(3-23)sin y "

Now it is possible to present the expressions
for the first panel's geometry, that is

C sin a (3-24)Da, = 0.707A 0.707

and
Db, = 0.707A - 51.618 sin a (3-25)

sin 0

The geometry associated with the first panel of
the gore for the canopy under design is listed in Table 4(b).

(2) The Second Panel Through the (n - 1) st Panel

The geometry associated with the second panel
through the (n - l)st panel of a gore comprised of n panels
for a solid-flat circular canopy fabricated from a 36.5-in.-
wide roll of cloth is depicted in Fig. 6. Referring to this
figure, it can be seen that

W = 36.5 in., (3-26)

11
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Fig. 6.Geomtr associated with the Ist through the
{n~ l1'st panels of an n-pane! gore of a zolld-flat circular

carney, fabrIcated from a 36.,5i-4n,-wIce rail of cloth.



3 •(3-27)

sin= (3-28)

sin y ' 

(3-29)

sin 0 
(3-30)

and S "19.498 in., 
(3-17)U - 51.618 in. 
(3-31)The expressions for the second panel's geometryare as follows.

= D + g.121 sin -(
a2  al Dsi= n _ _1 (3-32)

2.121 sin 8 ' (3-33)

I) = D '•.9 sin cxand 4a2  a3  sin a • (3-34)Da2 ab •.9 sin -y
sb2 4-8 sin a (3-35)

Finally, the g.mneral expressions for the geome-
try of the remaining panels (not including the nth panel) are

Ea Ea - (x - 2) 49.498 sin asin 7 (3-36)

Eb "b - (x - 2) ý9.'ý98 i 37
ax =D a1 - (x - 1) 49.-498 sin aadsin 

y (3-38)andDb 
Db - (x - 2) 49.498 sin a (339)isin (

Tt should be cited that the subscript x In the
above equations refers to the panel number. The limits of xin these equations are given by

2 s x s n -(3-40)

17



Fig. 7. Geometry &ssociated with the nth Dane! of an
r-Panel -ore of a solid-flat circular canopy, fabricated faor
a 36.5-in.-wide roll of cloth.
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The geometry associated with the first panel
through the (n - l)st panel of the gore for the canopy under
design is listed in Table 4(b).

(3) The nth Panel

The geometry associated with the nth pane] of a
gore comprised of n panels for a solid-flat circular canopy
fabricated from a 36.5-in.-wide roll of clcth is depicted in
Fig. 7. Referring to this figure, it can be seen that the
panel geometry is calculated from the following expressions.

S= Ea, - (n - 2) 49.498 sin a (3-41)
Ean a sin y '

Eb Eb 2  (n 2) 49.498 sin a (3-42)b 2sin 8 (-2
n

F = 0.707 (Sn + ½K) (3-43)
sin y

Gn 0.707 (Sn - ½K) (3-44)
n sin 0

and
3 n L - S, + S (n - 2). (3-45)

The geometry associated with the nth panel of
the gore for the canopy under design herein is listed In
Table 4(b).

4. STRESS ANALYSIS

The purpose of the stress analysis is to establish the
margins of safety for the materials selected for use in the
prototype parachute assembly. These margins are calculated
for the worst-case loading environment; for this particular
assembly, such a condition occurs when the assembly is used
as a member of a six-parachute cluster to airdrop a 50,000-lb
unit load from an aircraft traveling at 22'3 ft/sec and under
a 76.3-lb/ft 2 dynamic pressure. The maximum reefed cpening
force experienced by an individual assembly for such an
operational environment is 28,300 Ib; the method for arriving
at this maximum is presented in Volume I, Section 10.

The procedure followed for calculating the margins of
safety is, first, to calculate the components' allowable
load by use of the expression

u ilt strength

allow load Utsrnt 41
overall design factor (4-1)

19



The ultimate stiength is taken from the average of five
control samples tested to their ultimate. This is presented
in Appendix A. The overall design factor is arrived at by
the considerations accounted for in Table 5.

Now, the margin of safety becomes simply

= allow load 1
M.S. worst-case load - (4-2)

The margins of safety calculated for the components of
the selected prototype parachute assembly are summarized in
Fig. 8-

a. Maximum Canopy Stress for a Vent-pulldown Parachute

With regard to the parachute canopy, it must be
pointed out that the establishment of a stress theory is
extremely difficult owing to the very nature of the structure.
It is 'L flexible device, constructed from a fabric, and
operates in a highly dynamic mode. Therefore, as far as
stress analysis is concerned, it is not necessary to attempt
to conduct a high-order analytical study. Rather, some
basic assumptions were used that, when coupled with experi-
ence and intuition, lead to "ball-park" results.

Use of the vent pulldown leads to opening-shape
characteristics that somewhat deviate from those normally
associated with the standard parachute. This is indicated
by a study of movie film depicting deployments of single
and clustered G-11A vent pulldowns from an above-terrain
altitude of 1500 ft and a release velocity of 150 knots. The
general opening shape for all the canopies in these drops is
depicted in Fig. 9. This shape is most definitive at or
just following full reef, the point at which the parachute
loads are at maximum.

Figure 9 shows that, at full reef, the canopy exhib-
its prominent domes ("false vents"). The true vent is, of
course, pulled down within the skirt area. Therefore, there
is no physical means for the canopy to bleed off pressure.
This accounts for the relatively quick opening and resulting
high loads associated with the vent-pulldown parachute.

(1) G-11A Cargo Parachute

The G-IIA cargo parachute under discussion here
has a reefing ratio of 20%; that is D = 0.2D . This then
implies that, at reefed state, the parachute d~ameter is 20
ft. Figure 10 shows the results of scaling from the frames
of the previously mentioned movie film. As can be observed,
the scaling was reasonably accurate. Therefore, from this

20



TABLE 5
VARIOUS CONSIDERATIONS FOR ARRTVING AT OVERALL DESIGN FACTOR

_____,onaideration gein eal
It"m r -f-tactor, desivi

Line Asym- ef/m-k factor.Saf£ety.,l onver- oetrich, join'. Ahra- ! t- jcf'/Mlk
S gence,2 load.,) *rr. , i' aon, t~tgue 2)

Cloth 2.00 N/A 1.05 1.00 1 0.96 0.95 1.15 2.30
Main seao 2.00 N/A 1. 0.9e 0.96 0.95 1.1b 2.36
Cross noam .00 X/A 1.05 0.79 0 0.96 0..5 1.46 2.92

line
?a con. link 2.00 1'"q 1.05 0.-;e7 0 96 0.95 1,l..4 2.48
To skirt 2.00 1.04 .5 i.-0 0,to ,..-95 .1.20 2.30

To main
:ebm a1t
skir andT ent 2.00 X/A 'a05 1.00 0.96 C.35 1.15 2.30

To went

ring 2.GO NI/A 1.05 0.87 0.96 0.95 1.33 2.66
Rteflog

11 2.00 N/4 1.(15 C.96 1.00 1.0o 1.09 2.18
Skirt reinf. 2.00 _/A 1.05 0.99 0.96 0.95. 1.57 2.31

2.00t r1l,. 2.00 N/A 1.05 0.93 0.96- 0.95 1.24 2.48

lnk 2.00 N/IA 1.05 0.75 0.96 0.95 1.53 3.06

2.00 WA 1.05 , 0.88 0.96 0.95 1.31 2.62
3er *St.

?c clevIs 2.00 NI/A 1.05 0.82 0.96 0.95 1.11 2.82
To load0I J

cttach. 2.00 N/A ..c7 . 1 0.95 1.31 2.68
Spice 2.00 NIA 1.o5 0.88 0.96 0.95 1.31 2.62

Center line T
To wentring 2.00 K/A 1.05 0.81 0.96 0.95 1.39 2.77
To el'*l,,a 1.O0 N/A 1.01, 0.87 0.96 0.5 1.32 2.64

_Splice 2.00 "IA I. 05 0.86 0.96 0.95 1.31 2.68
lVol. I. See. 3.0.

2*pf. 3. P. 376.,
)0m-vont 1onal practice.
'Wp. A; rot riser extension. see. FIj. 4-14.5Selectad on basis of having service life simllar to that of the T-10.
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[SymbOl Item Margin of acfPj

Canopy

A Cloth +1-05
B Main seam +0.96

C Gross seam 0

Suspension line
D To conn. link +0.35

E To skirt +0.39

F In main seam +0.38

0 To vent ring +0.19

H Vent reinforcing +0.75

I Skirt reinforcing +0.43

*) Riser

J To conn. link +0.27
K To clevis +0.48

Riser extension
N To clevis +0.17

SN To load attach. +0.23

0 Splice 0

Center line

P To vent ring 0

Q To clevis +0.04

* R Splice +0.03

Fig. 8. Summary of the margins of safety.

22



IC

Fig. 9. General shape characteristics
associated with the opening of the 0-11A
vent-pulldown parachute.
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a A

Fig. 10. Dimensions scaled from movie film depicting opening

of the 0-11A vent-pulldevn parachute.
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(a)

cr

Fig. 11, Approximate dimensions associated
vith the cpening shape of a 0-11A vent-puhldown
para•h-te.
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figure, it can be established that the high-pressure area of
the canopy is located approximately 40 ft from the skirt of
the canopy. Figure 11 (a) shows that the width of any indi-
vidual gore at this location is .imply

10 2 .5 6.5 in. (4-3)570•. 2 -

LSince the canopy has 120 gores, this means that,
at the location of the high-pressure areas, the circumference
can be calculated to be

120 x 6.5 = 7L. in. = 65 ft. (4-4)

From scaling the film, it was determined that
the false vents lie on a circumference of a circle whose diam-
eter is approximately 18 ft [see Fig. 11 {b)]. Hence, the
circumference .s

18w = 56 ft. (4-5)

Th3 difference between the above two circum-
ferences is 9 ft. 'Thnis means that, at the reefed state,
there is some 9 ft of fullness, or, for the case of four
"false vents," 2.25 ft per false vent. This amounts tn some
four gores per high-pressure area that have not yet unfolded.

The stress in the canopy is now determined by
assuming that each of the high-pressure areas lies on the dome
of an 18-ft-diam. hemisphere. Viewed this way, the maximum
stress becomes simply the hoop stress; hence,

qR = 30 x 9 = 270 lb/ft = 22.4 lb/in., (4-6)

where q is the aerodynamic pressure, which El Centro drop-
test data reveal to be approximately 30 lb/ft 2 at attainment
of full reef.

It can be concluded that the above approach to
the maximum canopy stress present in the deployment of a
vent-pulldown parachute is conservative because, in practice,
the main seams carry a significant port' rn of the parachute
load and consequently cut into the smoo.ri hemisphere. From
Fig. I1 (c), it becomes obvious that, since R < R, the
product of q and R is reduced.

(2) Selected Prototype Parachute Assembly (Do = 135 f t)

For a cluster of six 135-ft-diam. vent-pulldown
parachutes, it must be assumed that the high-pressure areas
each lie on the dome of a hemisphere whose diameter is
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0.18 x 135 = 2-4.3 ft (4-7)

The aerodynamic pressure at the time of maximum
cluster load (at or following attainment of full reef) is
approximately 28.6 lb/ft 2 (refer to Appendix B). Hence the
maximum canopy stress, which is a circumferential stress
acting in a direction normal to the main seam, is

qR - 28.6 x 12.15 = 347 lb/ft = 29 lb/in. (4-8)

Knowing the maximum canopy stress, it ±s now
possible to calculate its margin of safety.

(1 Canopy Cloth

The allowable load on the canopy cloth itself
is calculated from Eq. (4-1):

allow load = 136.6 lb/in.
2.30 59.4 in. (4-1a)

Use of Eq. (4-2) yields a margin of safety of

M.S. = " lIb/in. - 1 = +1.05, (4-2a)29 lb/in.

where (it should be noted), for the canopy, the :orst-case
load is the maxim-xm canopy stress.

(2 Canopy Main Seam

The allowable load on the canopy main seam
is calculated from use of Eq. (4-1). Hence,

allow load = 134 ib/in. 56.8 lb/in. (4-1b)2.36 " =5 . b i . ( -b

Use of Eq. (4-2) yields, for the margin of
safety

M.S. = 56.8 lb/in. 1 = +0.96. (4-2b)
29 lb/in.

(3 Canopy Cross Seam

Once more, Eq. (4-1) yields the allowable
load, this time for the canopy cross seam:

allow load = 60 -b/in. 20.5 lb/in. (4-1c)2.92""

Since the cross seam is located on the gore so
as to subtend an angle of ,5.o wIth the circumerential refer-
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ence, and since the canopy stresses in the direction normal
to the circumference are assumed negligible, It is permissi-
ble to state that the force normal to the cross seýam is
simply

(max canopy stress) x sin 450

= (29 lb/in.) x 0.707 = 20.5 lb/In. (4-9)

Equation (4-2) leads to the following calculated
margin of safety:

_ 20.5 lb/in.
.. 2.0.5 lb/in. -1 =0. (~4-2c)

b. Reefing Line

"The forces to which the reefing line is subjected are
a function of a number of fixed factors: specifically, the
number of gores in a parachute, the maximum opening load, and
the length of the suspension lines. These forces in turn are
functions of certain variables which may not be determined
dithout a drop-test program--such as the most suitable reef-
ing ratio and the Inflated shape of the reefed parachute as
typified by the angle formed between the tangent to the radi-
al seam at the skirt and a reference parallel to the para-
chute center line.

(1) Recfing-line Force

Figure 12 depicts the force behavior of the
reefing line for a vent-vulldown Dar'ach,,t alt 1-hp initial
stages of full reefed c:..Iiin. If F represents the maxi-
mum load, tnen the force in onc suspension line becomes

SFsL)FR N cos FR (4-0)

where N is the number of gores comprising the parachute
canopy and is also equal to the number of suspension lines.

The component of the suspension-line force in
a direction parallel to the parachute center line is simply

x(FSL R = 0 (4-11)

and the component normal to the center line is
I• FO

(FSLH )FR 7N FR'
H

28



d"R

4 LY

-r~ IE AV) #FW ~

Fig. 12. Assumed force behavior of fu i reef for the reefing

line of a parachute employing the vent-pulldown technique.
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For the parachute to be in reefed equilibrium,

(FRI = (FS)FR (4-13)

The force in the main seam radially directed
from the skirt is

(FR)s F0  (4-14)R 8 Ncos 8 FR

It can be shown that

(FR H) = 0 tan (FR (4-15)

The force that normally tends to open the mouthof the parachute is (FS N)FRI and can be expressed as

(FSNIFR (FR )S - (Fs`)FO" (4-16)

Substituting Eqs. (4-12) and (4-15) into Eq. (4-16) yields

F
(FSN)FR = N-- (tan 0 - tan a)FR* (4-17)

If it is desired to use reefing, it can be seen
that the force acting directly on the reefing rings (as aresult of the reefing line's resistance to the opening tenden-
cies) has a magnitude equal to (P S)FR but opposite in
direction. N

The force in the reefing line can now be simply
expressed as

( SN )FR
FRL - 2 sin (360/2N) "(4-18)

Substituting Eq. (4-17) into Eq. (4-18) yields

FRL (an - tan a)FR
- 2N sin 77,•F )
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However, it becomes desirable to express the
""..ceS In tha reefIng line in terms of tne reefing ratio.
From Fig. 12, it can be seen that

a = sin-] -DR (4-20)LSL

The reefing ratio is defined by

R F- - (4-21)

where D is the steady-state diameter, and D is the diameter
of the Flattened canopy. Now, substituting ?he latest two
equations into Eq. (4-]9) finally leads to

FRL tan BFR - tan [sin-1 (RDo/ 2 LSL)]FR

F 0 2N sin (360/2N) .(4-22)

(2) Selected Prototype Parachute Assembly

Figure 13 depicts the curves plotting Eq. (4-22)
for various 8-values. These curves_- are based upon the geom-
etry associated with the selected prototype parachute assem-
bly; that is,

D = 135 ,

LSL 169 ft,

and
N = 160 gores.

Referring to Fig. 10, It can be seen that 8 -

180. In addition, the established reefing ratio, R , fHP
the selected prototype is approximately 19.1% (VoluW I,
Section 10.2, p. 161). Hence, from Fig. 13,

FRL . 0.042. 
(4-23)

F0

Since, for this case, FC is 28,300 lb, then

FRL = 1187 lb. (4-23a)
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Now it is possible to arrive at the allowable
load on the reefing line. From Eq. (11-1),

2749 lb = 1261 lb. (4-1d)
allow load = 2.18 %

From Eq. (4-2), the margin of safety is calcu-
lated to be

M.S. 1261 lb - 1 = 40.06. (4-2d)

11577 lb

c. Skirt-reinforcing Band

It can be reasonably assumed that the skirt-rein-
forcing band experiences its maximum force at approximately
full open since, in this condition, the scalloped shape
associated with the skirt is minimized. Reference to Volume
I, p. 164, reveals that it is also reasonable to assume that
the maximum parachute force is approximately the same for
full open as for full reef.

(1) Load Experienced by the Skirt-reinforcing Band

Figure 14 depicts the assumed force behavior at
full open for the skirt of a parachute employing the vent-
pulldown technique. Using rationale similar to that exem-
plified in calculating the reefing-line force enables the
calculation of the maximum load experienced by the skirt-
reinforcing band. To do this, the very conservative assump-
tion is made that there is no scalloping effect at the skirt.

A portion of the aerodynamic force acting on the
gore is resisted at the skirt. This resistance is equal to
the horizontal component of the suspension-line force,

(FSL v)FO
(SLH)FO - N tan a FO' (4-24)

View A-A cf Fig. 14 shows that the force in the
skirt-reinforcing band at full open becomes

(FSL H)FO
(FSB)FO - 2 sin (360/2N)

Substituting Eq. (4-24) into En (4-25) yields
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Fig. 14. Assumed force behavior at full open for the skirt
of a parachute employing the vent-puiidown technique.
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(FSL v)F tan aFO

(SB)FO 2 sin (360/2N) (4-26)

(2) Selected Prototype Parachute Assembly

The geometry associated with the prototype para-
chute assembly, shown at full open in Fig. 14, is as follows.

DFO = ft,

LSL 169 ft,
and

N * 160 gores.

From this information, It can be seen that

a a sin - 1 48 ft (4-27)
or

=FO = 16.50. (4-28)

Use of Eq. (4-26), if the maximum force at full
open is 28,300 lb, yields

(~S~F0 = M 28,300 tan 16.50 1375 lb.(4-26a)

sB)FO =2 x 16 x sin (360/2N)

The allowable load on the skirt-reinforcilng
band is calculated by Eq. (4-1). Hence,

allow load =4598 lb = 196u lb. (4-le)

From Eq. (4-2), the margin of safety is calcu-
lated to be

M.S • 1960 lb +
" 1375 lb 1 = +0.43. (14-2e)

d. Vent-reinforcing. Band

It can be reasonably assumed that the vent-reinforc-
ing band experiences its maximum force at approximately full
open, since in this condition the scalloped shape associated
with the vent Is minimized.
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(1) Load Experienced by the Vent-reinforcing Band

Referring to Fig. !4, it can be assumed that at
full open the force in the radial main seam at the skirt is
equal to the force in the suspension line. Hence,

(FRs)FO FsLFO* (4-29)

Carrying this reasoning further, one can state
that the force or tension in that portion of the suspension
line that traverses the main seam is constant throughout.
Therefore, it can be assumed that, at full open, force in the
main radial seam at the skirt is equal to the force in the
main radial seam at the vent:

(FRs)FO = (PFvF (4-30)
RS'PO Rvt1O

Substituting Eq. (4-29) into Eq. (4-30) yields

(FR vt)O = (FSL)FO. (4-31)

The algebraic summation of the horizontal
components of (FR vt)FO and the vent-line force (Fxt)FO yields

the value of the normal force pulling outward on the vent-
reinforcing band, creating its tenaion load:

(FvF = (FR )F. ( )FO (4-32)vt N FO vH - HVLH

From reasoning similar to that used for the
reefing line, the tension or force in the vent-reinforcing
band at full open can now be conservatively stated as

( 'FO
(FvB)FO = 2 sin (360/2N) (433)

Substituting Eq. (4-32) into Eq. (4-33) yields

(F) )FO - (F HFCRvtH -(vH)

(FIB)FO m 2 sin (360/2N) (4-33a)

From Fig. 15, it can be seen that
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Fig. 15. Aswumed force behavior at full open for the
vent of a parachute employing Lhe vent-pulldown technique.
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(FR )FO = (FR )FO tan (Bvt)FO (4-34)

and t ( )

(FVL H FO (FVLv)FO tatn F-35)

Substitution of Eqs. (4-34) and (4-35) into
Eq. (4-33a) yields

(FR )FO tan (Svt)FO- (P tan (a t)PO
vtv

vB)FO 2 sin (360/2N"

(4-33b)

To satisfy equilibrium conditions,

(FR )FO = (Fv)FO, (4-36)vtv

and Eq. (4-33b) bt-comes
(Fv)FO [tan (8 - tan (avt)FO7

(FVB)FO = 2 sin (360/2N)

The vertical component of the vent-line force

at full open can be expressed as

0.4 FO

(NFVL) o (4-37)
V F

and the angle (0vt)FO at ftill open as

(FR )FO

(Bvt) = cos -( )7-- . (4-38)S'Rvt FO

Substitution of Eqs. (4-31) and )4-36) into Eq.
(4-38) yields

CO s -1 (FsL)FO (4-38a)

From Fig. 14, it can be seen that
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(FsL)FO

(FsLV) = (-9

(SL v)FO = -- 1-0

the expression for (0 rt)FO is reduced to

(Ov4- Cos- N(F VLV)FO -0 ] 43b
,8 vt)FO = CS- [ FO c aF] . (-38b)

Substituting Eqs. (4-37) and (4-3Pb) into Eq.
(4-33') finally yields the force in the vent band at full
open:

F {tan [cos (0.4N cos aFOs tan ',a vt)I
(VB FO 5N sin (360/2N)

(4-33d)

In the prototype parachute assembly under study,
the following information is characteristic at full open:

F0  28,300 lb,

N 160 gores

aFO = 16.50,
and

(avt FO = 450.

Substitution of these values into Eq. (4-33d)
yields

(F = 1060 lb. (4-41)

The allowable load on the vent-re-.nforcing band
is calculated by Eq. (4-1). This leads to

allow load = 5 1850 lb. (4-1f)

Use of Eq. (4-2) leads to the following margin
of safety.
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M.S. = 10 lb - 1 = +0.75. (4-2f)

1060 lb

e. Suspension Lines

The ultimate load of the suspension lines is CIlcu-
lated from the expression

ult load = (no. of lines) x (line strength).(4-42)

For the case herein,

no. of lines = 160
and

line strength = 591 lb;

hence,

ult strength = (160 lines) x (591 lb/line) = 94,500 lb.
(4-42a)

(1) Suspension Lines Joined at Connector Links

Equation (4-1) yields the allowable load on the
suspension lines based upon the joint at the connector links:

94 500 l
allow load = 945 I 38,200 lb. (4-1g)

The margin of safety, from Eq. (4-2), becomes
M. 8200 1&b-g

"M.S. = - 1 +0.35. (4-2g)

(2) Suspension Lines Joined at Skirt

The allowable load on the suspension lines
based upon the Joint at the skirt is

allow load = 2460n 1 00 lb.-"

Therefore the margin cf safety is

39 40oo lb
M. S. 2,300 b = +C.39 (4-2h)

(3) Suspension Lines in the Main Searm Joined at
the Skirt and Vent

The allowable load at the skirt and v"nt* on the
suspension lines in the main sear. (since the suspension lines
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run through the mai.n seam on Li to the arex) is

allow load = 994,50 JL . ,1,150 lb. (4-.0

The margin of safety beccmes

MS = 412150 lb J 329,900 ib -(:..2;)

where the total suspension-line worst-case load is calculated
from use of a variation of Eq. (4-14):

F0
worst-case load a 0 (4-43)

For this case,

F0 = 28,300 lb,

and
a -180.

Hence, 28,300 lb -
worst-case load = Cos 10 s 20,900 1b. (4-43a)

(4) Suspension Lines Joined at the Vent Ring

Equation (4-1) yields the allowable load on the
vent lines (suspension lines running from the vent band to
the vent ring):

allow load = 94 ,500 lb =2.66- = 35,500 It,.(-S

The extreme worst-case load that could be
experienced by the vent linps is 29,900 lb. He-nce, the
marg.in of safety for this condition becomes

S.=35,500 lb
MS. 29,900 b - 1 = +0.19. (4-2J)

f. Riser

(1) Riser Joint at the Connector Link

Equation (4-1) yields the allowable load for the
riser at the connector link:
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all:' - 247_5 lb. (4-1k)allo lod =3.06)U

The margin of safety is

M.. 2475 -1 = +0.27, (4-2k).. =1-870 ib

where the worst-case load experienced by the riser is based
on the total worst-case load experiencea by the suspension
lines. The latter case is stated in Eq. (4-43a). Since ten
suspension lines feed into each riser via the connector link,
the riser worst-case load becomes

29j, Ibb (0insrsr
worst-caae load = 160 (10 lrnesl/rserl

= 1870 Ib/riser. (4-414)

(2) Riser Joint at the C1evis

The allowable load for the riser at the c]evis
is

allow load = 5 b A = 11,100 Jb.(4-1m)

The -arrin of safety becomes simply

11,100 lb
(1870 lb) x (4 PlY) - 1 0.148 (4-2m)

5 C -,ter Line

(1) Center-llne Joint at the Vent Ring

Equsation (4-1) yields the allowable load for
the center-line at the vent rlng:

allow load (15,512 Ib) x (2 p).4y'. 11,200 1b.2.-77 ( - p l

From Eq. '4-2), the margin of! safety is

S0 0 b 0 .-- (4-2p)

where from Volume 1, p. 176, it can be seen that the center-
line worst-case Ioed is gzivzn by
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worst-case load = 0.4 x (28,300 lb) - 11,300 lb. (4-47)

(2) Center-line Joint at the Clevis

The allowable load on the center line at the
clevis Is

allow load = (15,5122.64b) x (2 ply)_ = 11,750 lb. (4-1q)

The margin of safety is

M.S. = .1,750-Ib _ 1 = +0. 4. (4-2q)

11,300 lb

(3) Center-line Splice

(1 Margin of Safety on the iasis of Theory

Figure 19 reveals that the length of stitch-
ing for the splice is 11-5/8 in. If there are approximately
7 stitches sewn per inch, then for 8 rows of stitching there
is a total of

(11-5/8 in./row) x (7 stitches/in.) x (8 rows)

= 650 stitches.

The rated ultimate tensile strength of the
thread is 50 lb. This means that, for 650 stitches, the
following ultimate tensile load can - developed:

(650 stitches) x (50 lb/stitch) = 32,550 lb;

however, the efficiency of the thread is approximately 75%,
and the abrasion and fatigue factors are 0.96 and 0.95, re-
spectively. Noting that the safety factor is 2.-, then the
thread's overall design factor becomes

2.0 = 2.92.

b.75 x 0.96 x 0.95

Now, using Eq. (4-1), it becomes possible
to arrive at the theoretical allowable load for the splice:

allow load = 32,550 lb = 11,120 lb. (4-45)

2.92

The margin of safety for the splice become.-
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M.S. = 11.1-20 l b _ I - -0.02. (4-46)
11,300 lb

The negative margin of safety based on
theoretical determination of the efficiency of the center-
line splice indicates that the center-line splice nmay be
marginal. Hence, it becomes necessary to conduct structural

tests to determine the actual efficiency of the splice.

(2 Margin of Safety on the Basis of Tests

Appendix A shows that testing reveals the
allowable load for the center-line splice to be

load (15,512 _b) (2 ply)lb. 14-1r)
all w6oa = 11,600 lb k4- r

The margin of safety, therefore, becomes

M.S. = 11,600 lb _ +0.03. (4-2r)11,300 lb

This margin of safety is higher than that arrived at from
theory (Eq. 4-46); hence, it can be concluded from the results
of Eqs. (4-46) and (4-2r) that the margin of safety derived
from theory is reasonably conservative.

h. Riser Extension

The riser extension (or main riser) is of 6-ply web-
bing. Because of the high anticipated ultimate strength of
the riser extension (of the order of 90,00c lb) destruct
testing at Pioneer's laboratory facilities becomes infeasi-
ble. As a result, the means for arriving at this configura-
tion's joint efficiency is accomplished by theoretical
calculations based on those presented in ref. 4 and summa-
rized by the curve depicted in 7ig. 21.

Table 6 presents the results of the above theory.
It shows that the correlation between the theoretical joint
efficiencies and the test joint efficiencies for both the
riser and center line compare favorably. In fact, the theory
is somewhat conservative. As a result, it can be stated with
confidence that the riser-extension joint efficiencies arrived
at through the theory presented in ref. 4 are reasonably
realistic.

In Fig. 21, the curve defines the joint efficiency
of a webbing around a pin. The parameter is given by the
expression r 1 /Nt, where N is the number of webbing plies, ri
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is the inside radius of the Innermost ply of webbing (in
inches), and t Is the webbing's thickness (in Inches). The
curve fails to account for the reinforcing effect of any
buffer or sleeves; hence, r. beccesa simply the radius of
the pin.

(1) Riser-extens-on Joint at the Clevis

Equation (4-1) yields the allowable load for
the riser extension:

allow load - (15,512 lb) x (6 sly) . 33,000 lb. (4-1s)2.132

The margin of safety, from use of Eq. (4-2), Is
calculated to be

M.S. . 33A000 IL - 1 +0.17. (4-2s)
28,300 Ib

(2) Riser-extension Joint at the Payload Attachment

The allowable load for the riser extension at the
payload attachment Is

allow load - (15,512 Wb' x (6 Ely) . 37,800 lb. (4-1t)

2.63

The margin of safety is

.S. -.1 +0.23. (4-2t)

(3) Riser-extension Splice

(1) MarMIn of Safety on the Basis of Theory

Since the riser-extension splice s the same
as that for the center line with the exception of the wrap,
and since the theoretical calculations ignore the infiuence of
the wrap, the margin of safety for the riser-extension splice
is the same as that for the center line; therefore, reference
is made to Section 4.g(3)(1 of this volume.

(2) Margin of Safety on the Basis of Tests

Appendix A shows that testing reveals the
allowable load for the riser-extension splice to be

allow load - (i - p 11,850 lb. (4-lu)
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The margin of safety is

M.S. - 113850 lb _ a +0.25. (4-2u)M~s =(25000 lb)'/3

Once again, it is shown that the margin
of safety for the splice derived from theoretical calculations
is reasonably conservative. It can also be seen that use of
a stronger wrap for the riser-extension splice yields a
slightly higher margin of safety than for the splice for the
center line using the lesser-strength wrap.

5. MATERIAL LIST AND WEIGHTS

The materials comprising the prototype parachute assembly
are listed in Tabl 7 along with corresponding weights. The
materials list accounts for approximately a 13% overage; this
overaZe is deducted to arrive at a reasonable estimated total
weight.
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APPENDIX A

LABORATORY TEST REPORTS

E-0154, TL SERIES
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FOREWORD
"The tests reported In this Section were made to ascertalnthe structural integrity of the primary structural members orthe 135-rt nominal diameter cargo parachute, NLABS drawing no.

X11-1-16455
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Pig. A-i. Key to laboratory-test reports, E-05,
TL series for 135-ft lion. Dit. cargo parachute, N/LABS

Dog. g~o. X[11-1-164.
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED j PROJECT

Nylon Cloth, control sample TEST
NIL-C-7020, TY. II NO. TT,/T
PURPOSE MWULTIMATE CPOINT OF OEFFiCIENCY -OTHE-

STRENGTH FAILURE

TEST METHODi Test In accordance with Federal Specification

CCC-T-191b, method 5101.. Use Scott Tester, Model J-3,
110-lb capacity with 12 In/mnm load rate.

EQUEST IATE REQUESTED REQUEST APP. BY DATE APPROVED

11/21 /68r RAT 11/21/6, I

TABLE COMMENTS

Pit. 'Strongth, lWin.I

H T Fill
1 63 79
2 69 T6
3 71 ?4
4 70 76
5 71 ?6

Av. 69 76

IRESULTS All falluris .Ctertd eae?-il.•uc uate
rated strength.

FCOivi-fo si

_____ re_ _ All

Si II II I I I I I I I I IIj
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LABORATORY TEST RcQUciT/REPORT

ITEM(S) TO BE TESTED PROJECTNO. -05
Nylon cloth, control sample TEST
MIL-C-7020, Ty. II Bias-Cut NO. T/2

PURPOSE rIULTIMATE FLPOINT OF DEFFICIENCY OOTHER
STRENGTH FAILURE

TEST METHOD Similar to Federal Specification CCC-T-191b,
Method 5100, except test 5 samples cut on the bias. Use
Tinius Olsen Testing Machine, 500 lb scale, vltn 12 ln/mmn
load rate.

REQUESTED BY DATE REOUESTED REQUEST APPD. BY DATE APPROVED

JI -1 W15/68 RAT 11/15/68

TABLE Ult, bias COMMENTS

strength, 1. Ultimate bias strength
3asyle F& lb lb/in is calculated using the

1 124.8 124.8 following relationship:
2 124.2 124.2 F
3 173.0 173.0 Ult. bias - " a
5 129.6 129.6 where F Is the ultimate
5 131.4 131.4 strength of the sample, lb;

Av. 136.6 136.6 V is original vidth of the
test specimen, in.; &nd D
is the Initial Jaw sepa.-tlont
In.

RE'SULTS

ESEBy.0COMPLrlro
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LABORATORY TEST REQUEST/REPORT

"ITEM(S) TO BE TESTED PROJECT
NO. E-015a

Reefing Line, control sample TEST
Spec. NIL-C-7575, Ty.VII V NC. TL/3

PURPOSE U ULTIMATE [POINT OF OEFFICIENCY OOTHER

STRENGTH FAILURE

TEST METHOD Same an 9ederal Specification CCC-T-191b,
Method 4102, except lest 5 samples and report to the
nearest 5 pounds. Use Tinius Olsen Testing Machine
12,CDO lb capacity with 12 In/min load rate.

REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED
M 10/16/68 RAT 10 16/68

TAGLE J COMMENTS

Sample Ult. Strength, lb.

1 2755
2 2680
3 2800
4 2730
5 2780

Av. 2749

RESULTS
All .allures occurred over min. ultimate rated

strength.

CONCLUS IONS

TE3TED BY ]H 1fn I"h16RDATE COMPLETED 10/]1/68
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED " PROJECT
Nylon Cord, control sample NO. E-0154
NIL-C-5040, TY. III TEST

NO. TL/

PURPOSE []ULTIMATE "POINT OF Q3EF.ICIENCY QOTHER
STRENGTH FAILURE

TEST METHOD Test in accordance with Federal Specification

CCC-T-191b, Method 4102. Use Tinrius Olsen Testing
Machine 2400 lb capacity with 12 in/aln load rate.

REQUESTED BYIDATE REQUESTED REQUEST APPD. BY DATE APPROVED

JIM 11/21/68 RAT 11/21/68

TABLE COMMENTS

Samle Ult. Strength, lb.

1 64o
2 575
3 582
4 580
5 580

Av. 591

REýSULT S....All failures occurred over minium ultimate rated

strength.

CONCLUS IONS

TESTED BY La Pjvere 11/25/68 jDATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

IITEMCS) TO BE T•STED .PROJECT
NO. E-0154

Nylon Web, control sample TEST _n__n
MIL-W-5625, 1 w 4000 lb t.3. I NO. TL/5

PURPOSE (aULTIMATE OPOINT OF OEFFICiENCY QOTHER
STRENGTH FAILURE

TEST METHOD Test in acccrdance with Federal Specifica-

tion CCC-T-191b, Method 5100. Use Tinius Olsen Testing
Machine, 12000 lb capacity, with 4 In/min load rate.

REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED

MKK , 11/21/68 , RAT 11/21/68

TABLE COMMENTS

S Ult. strength, lb

1 4710
2 4600
3 4550
4 4520
5 463.0

Av. 4598

RESULTS All specimens failed above min. rated strength.

CONCLUS I ONS

TESTED BY La Rjv.= 1lj2 54/,/R ATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT
Nylon Web, aontrol 3ample No. E-011L
1 W MIL--W-27265, Ty, XVIII, TEST
Cl R, 6000 lb t.s. NO. TL/6

PURPOSE Q ULTIMATE OPOINT OF DEFFICIENCY OOTHER
STRENGTH FAILURE

TEST METHOD Test In accordance with Federal Specification

CCC-T-191b, Method 5100. Use TinLus Olsen Testing
Machine, 12,000 lb capacity, with 4 in/min load rate.

REQUESTED BY DATE REQUESTED jREQUEST APPD. BY DATE APPROVED

I, 11/4/68 RAT 11/141/68

TABLE COMMENTS

Saml Ult. strength, lb

1 7250
2 7259
3 7251

Av. 7253

'RESULTS .. ...
sRESULTS All specimens failed above the minimum rated
strength.

CONCLUSI ONS

TESTED By La Riviere 11/5/68 DTCOPETED
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LABORATORY TE5T REQUEST/REPORT

IPIEM(S) TO BETSTED PRO JECT
Nylon Weo, control sample NO. ,oA _
1 3/4 W, W4L-W-27265, Ty. XXVI, TEST
Cl R, 15,000 lb t.s. NO.

PURPOSE QULTiMATE " UPOINT OF OEFFICIENCY GOTHER

STRENGTH FAILURE

TEST METHOD Test in accordance with Federal Specification

CCC-T-lglb, IMethod 5100. Use Tinius Olsen Testing
Machine 60,000 lb cap

REQUESTED BY DATE REQUESTED IREQUEST APPD. BY DATE APPROVED

WK1/46 PAT 146
TABLE ICOMMENTS

Sample Uilt. strength, l

15,500
2 15,520
3 15,517

Av. 15,512

RESULTS "
RESUT All syecil-ens failed above minlmum rated

strength.

CONCLU-SI{ONS. .

TESTED by a0BY Rlyje 11/5/68LTED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT

Attachment, vent line to vent NO. 2..1)5 .Szring TEST"

I NO. TWO

PURPOSE WaULTIMATE @POINT OF MEFFICIENCY DO)THER
STRENrtH FAILURE

TEST METHOD Use Tnilus Olsen Testing Machine, 2,400 lb
capacity, with 12 Wnain load rate. Fabricate and
test 5 samples per attached sketch. Report results to
the nearest pound.

"REQUESTED BY DATE REQUESTED REQUEST APPO. BY DATE APPROVED

L 10/18/68 RAT 10/18/6 8

TABLE 1COMMENTS

3 Ult. strlenth, lb See sketch for zone of
failure.

1 658
2 752
3 706
4 122
5 740

AT. 716

RESULTS Joint efficiency Is: 100 x (Av. ult. strength

of jolnt/Ay. ult. stren4th of cord) - 100 (716/1182)
60%.

COMCLUSIONS Efficiency of the jolnt Is less than expected
Eli1miate the knot end repeat tbe teso.

TESTED BY 1. RInkle 10/18/6!8- TE C0PLETED...
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LABORATORY TEST REQUEST/PEPORT

ITEM(S) TO ME TESTED PROJECT
Attachment, vent line to vent NO. g..niqa
ring. Ref. IALASS DlS. no. TEST

1l2-1-1646, Detail i ..N. E
PURPOSE 2ULT1MATE WPOINT O0, MEFFICIENCY (DTHER

STRENGTH FAILURE

TEST METHOD Use Tinius Olsen Testing Machine with 12

in/aln load rate. Fabricate 5 saples and test per
attached sketch. Report the results to the nearest
pound.

REQUESTED BY DATE REQUESTED IREQUEST APPD. BY DATE APPROVED

F -1 10/18/63 RAT 10/18/68

STABLE COMMENTS

S ole Ult. strength, lb See attached sketch for
zone of failure.

1 1,050
2 996
3 1,048
4 1,032
5 998

AV. 1,025

RtESULTS L
Efficiency of Joint Is: 100 - (Av. alt.

strength of jrint/Av. ult. strength of cord) a 100
(1025/1102) - 87%.

CONCLUSIONS Ultimate strength of the attachment Is

acceptable for intended application.

TESTED BY 1. Hinkle 10/18/68F DATE COMPLETED
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LABORATORY TEST REQUEST/I!ZtPCT

ITEN'S) TO BE TESTED PROJECT

Attachment, vent 11me to vent NO-. --05,
band. Ref. NALABS Dkt. no. TEST
X11-1-1645, Detail C NO. %/9

PURPOSE (I ULTIMATE CrIPOINT OF fMEFFICIENCY QO1"Ek
SI RENGTH FAILUtE

TESt METHOD) Same &s yederal Sp*CljfICtlon CCCj--_9lb,
Method 4102 exrept fabricate 5 samples and pull p*r

attached sketch. Use Tintua Olsen Nzatvng leonine,
2,4O0 lb capacity with 12 in/mn load !-eti and report
to thef neamest no - -- -

REQUESTED BY DATE REQUESTED REQUEST APPD. SY -ITE APPRAYED

S10/2/68 RAT,10/3/68

,TABLE COMMENTS

simle ult. strengthl S- set-e b for zom of

failure.1 636
2 638
3 620
4 632
5 6*0

Av, 633

RESULTS ... .. . ..
Joint efficiency Is: 100 x (Av. ult. strength

of JoInt/Av. ult. strength of cord) - 100 (633/591 Ib) -107%.

CONCLUSIONS Ultimate strength of the joint Is acceptable

foi Intended application.

TSTED BY H. X. Knor 10/9/68 jOATECOPED

T7
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LABORATORY TES? allQUEST/kEPORT

um", vent band. Rtet. mumI No1-0154
Dwg. No. I11-1-1645, DetallC TS

PURPOSE (JULTIMATE OPOINT OF *BEFFICIENCY (JOTHER
STRENGTH FAILURE

TESTVe METOD9" "U Olsem Testlag lkial, 12,000 lb
capwactY, with 12 4a/widslead rate. 2*sa. sm as
Pdfral SPecificatio CCC-OZ-192bs Nethead 4102, *"Oept
fabwioat. 5 smo1.s mi pýU por attasbwd shotgh.

REQUESTED BYIDATE RjWUS-TEtV tEQUEST APPO. BYIDATE APPROVED
m 1/268RAT 1 20/3/68

TABLECOMMENTS

Ina.. 91t. stremath lb * Pm]loeftd to 500o lb
of ?z'l*Aed to 4950 lb

1 8580' * PueloadeS to 6500 lb
2 ""@Of
3 5850
4 8220
5 665Cege

Av. 91

SRESULTS tricioe or joint is: no0 A v %at fmt
Or, JeS*V(L. vat stre~th of webbing *25 - 100 (85l V

Ultimate stremftb of vent baM is acooptabie*
for inteaded application.

TESTD 31.3.Kno 10/19/611 DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEMCS) TO BE TESTED FROJECT
Joint (on the bias), Main seam NO. E-0154
Ref. NALABS Dwg. No. X11-1-1645, TEST
Detail A NO. T/11

PURPOSE CAULTI1ATE (POINT OF MEFFICIENCY OOTHER

STRENGTH FAILURE

TEST METHOD Same a3 Federal Specification CCC-T-l9lb,

Method 5100, except fabricate and test 6 samiles per
attached sketch. Use TInius Olsen Testing Machine,
600 lb capacity with 12 in/mir load rate.

REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED
NMK 11/18/68 RAT 11/18/68

TABLE COMMENTS

Ult. bias 1. Ultimate bias strength
Strength is calculated using the

Sample F lb b/in. following relationship:

1 128.0 128.0 Ult. bias strength - -L,
2 125.0 129.0 W-D

3 119.0 119.0 where F Is the ultimate
S167.0 167.0 strength of the sample, lb;
5 146.0 146.0 W Is original width or the
6 119.0 119.0 specimen, in.; and D is

the Initial Jaw separation,
Av. 134.o 134.0 In.

RESULTS

1. Efficiency of the joint Is: 100 a (Av. ult. bias
strength of Joint/Av. ult. bias strength of cloth) -
100 (134/136.6) - 98%.

2. Efficiency of the Joint is: 100 x (min. ult. bias
strength of joint/min ult. bias strength of cloth) -
100 (119.0/124.2) a 95.8%.

CONCLUSIONS Ultimate strength of main seam is acceptable

for intended application.

TESTED BY N. N. Knor 11/20/68 ,DATE COMPLETED

i wm• m61



Id--V *7A

__ I/i

AM-A#VBN~f W FrWM
;w 811 r/,O mwNxavJ-z

AW (-I&Vj M A f AMtV 6YZE

82



LABORATORY TEST REQUEST/IREPORT

ITEM(S) TO BE TESTED PROJECT
NO. K-O1ql _

Joint, Cross Seas TEST
nof. IALABs Dvg. No. Zl-i-l615, NO. T/12
110t~ahl A jO L1

PURPOSE (3ULTIMATE QPOItT OF MEFFICIENCY . OT -EP -
STRENGTH FAILURE

TEST METHOD Same as Federal Specifleatlon CCC-T-191b,

Method 5100, except to be fabricated and tested per
attached sketch. Use Tinlus Olsen Testing Machlne,
600 lb seal* with 12 In/mmn load rate.

REQUESTED BY DATE REQUESTED REQUEST APPO. BY DATE APPROVE')
BY 11/15/68 RAT 11/15/68

TABLE COMMENTS

3apple Ult. strenth. lbDO Since test section Is 2
1fIn.,

1 121.0
2 111.0 AV.
3 129.0 T- Av. strength for

S119.0 1 in. section or seam.
5 117.0
6 123.0

Av. 120.0

• For 2 In, test section

RESULTS Average ultimate streng-th of control sample of

cloth In the fill direction Is 76 lb/in (See test - TL/1).

rfricienc7 of Joint is: 100 a (Av. ult.
Strength o Joint/AT. ult. strength of cloth)
100 (60/76" - 79%.

CONCLUS IONS Il

Ultimate strength of cross seam Is acceptable
for Intended applitatton.

TESTED BY M. N. •nor 11/20/68 DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEKIS) TO BE TESTED PROJECT

Hen, bikirt band NO. E-0154.

Ref. NALABS Dvg. no. X11-1-1645, TEST
Detell B NO. TL/13

PURPOSE aULTIMATE OPOINT OF &)EFFICIENCY [:OTHER
STRENGTH FAILURE

TEST METNOD .... ..
TT se Tinius Olsen Testing Machine, 12,000 lb

capacity with 12 in/mar load rate. Test same as
Federal Specification CCC-T-191b, Method 4102, except
fabricate 5 samples and test as per attached sketch.

REQUESTED OY DATE REQUESTED REQUEST APPD. BY DATE APPROVED

M 10/2/68 HAT 10/3/68
TABLE COMMENTS

S Ult. strenith. lb * Repeated test
I Preloaded to 1630 lb

1 46204
2 4475#0
3 4680
4 4530
5 4565

Av. '.57'.

RESULTS
Efficiency of Joint 1*: 100 u (Av. ult. strength

of Jolnt/Av. ult. strength of web) - 100 (4574./'.598)
99%.

CONCLUSIONS Ultimate strength of skirt band Is
acceptable for application Intended.

FTSTEDiBYK. _M. Knor 10/4/68 jOATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

"TTEM(S) TO BE TESTED PROJECT

Attachment, suspersfon line to NO.

skirt. Ref. NALABS Deg. no. TEST

x11-1-1645. Detail B -.. NO. Thi11A

PURPOSE WULTIPirE (OPOiNT OF MEFFICIE'CY []OTHER
STRENGTH FAILURE

TEST METHOD Same as Federal Specification CCC-T-191b,

Method 4102, except fabricate 5 samples and test per
attached sketch. Use Tinius Olsen Testir4n Machine,
2400 lb capacity with 12 in/min load rate.

"REQUESTED BY DATE REQUESTED REQUEST APPD. BYIDATE APPROVED

M"1//8PAT 10/3/68
TABLE 'COMMENTS

Sample Ult. strength. lb See attached sketch for
zone of failure.

1 600
2 584
3 600
11 576
5 592

Av. 590

RESULTS Data indicate that .joint is 100% e•-ie•ent and

no loss of structural Integrity of th-. suspension line
occurred.

CONCLUSI!ONiS
Ulitimate st.rength of the joint is acceptable

for arplication Intended.

jTESTED BY M. .. Knor 1 0 / 9 / 6 8 jDATE COMPLETED
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LABORATORY TEST REQUES;REPORT

"ITEM(S) TO BE TESTED PROJECT
Attachment, suspenr,ion line to NO. E-0154
link. Ref,. NALABS Dug. no. TEST
XII1-1-1648 NO. TL/15

PURPOSE GJULTIMATE QPOIf' OF MEFFICIENCY QOTHER
STRENGrH FAILURE

TEST METHOD u
Use Tinius Olsen Testing Machine, 2400 lb

capacity with 12 in/mm load rate. Fabricate 5 smples
and test as per attached sketch.

REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED

xI 10/21/68 RAT 104/2168
TABLE COMMENTS

Saele Ult. strength, lb See attached 0ketob for
zone of fail•re.

2 558 Sauples 1, 3,, 4 and 5
3 588 failed in zone A.4 558
5 574 Sample 2 failed In tene

B.
Av. 57IO

RESULTS "'. . . . .
Efficiency of joint is: i,; - '.v. utl. strepgt

Gf joRnt/Av. ult. strergth vt cor4) - 100 (574/551) - 97fe

iI
CONC LUS ION, S S ON llmae strength of Jo'Int Is aceeptabla

for Intended application.

TESTED BY K. Hin le ? 10f'd 5 IVATE C-'•.eCrTf-

8-9
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LABORATORY TEST REQUEST/REPORT

|,EM(S) TO BE TESTED PROJECT
Attachment reeeflng ring. Ref. NO. E-0154
NALABS Dwg. no. X.1-1-1646, TEST
?"etall H. NO. TL/16

PURPOSE (gULTIMATE WPOINT OF DEFFICIENCY QOTHER
STRENGTH FAILURE

TlEST NETHOI- -'
Use Tinlus Olsen Testing Machine 600 lb

capacity with 12 in/min load rate. Fabricate 5 samples
and test as per attached sketch.

RYQUESTE DATE REQUESTED UET APPO. BYiDATE APPROVED'

P 11/8/68 RAT 11/8/68! i ' I' ii! H i |

TABLE COMMENTS

Samp Ult. strength. lb I Indicates jaw break.

1 405
2 104
3 378
4 2036
5 425

Av. 403

RESULTS Reefing ring pt. -to. 48A7995 failed during

each test.

I

Ultimate strength of attachment is
acceptable for application Intended.

kiTSTED BY ". -K. Knor 1L46DT OPEE
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LABORATORY TEST REQUEST/REPORT

ITEMCS) TO BE TESTED PROJECT
NO. E-0154

Joint, reefing line splice TEST
NO. TL/17

PURPOSE ]ULTIMATE WPOINt OF "•EFFICIENCY OOTHER
STRENGTH FAILURE

TEST METHOD
Build and test 5 samples. Use Tinius Olsen

Testing Machine, 12,000 lb capacity with 12 in/min load
rate.

REQUESTED BYIDATE REQUESTED REQUEST APPD. BY DATE APPROVED

NTK B 10/7/61 RAT !PPD Y 1 /1,
TABLE COMMENTS

S Ult. strengtn, lb

1 5610
2 5670
3 5680
4 5680
5 5760

Av. 5680

RESULTS
Average ultimate strength of control sample

is 2,749 lb (see test TL/3).

Efficiency of the Joint is: 100 x (Av. ult.
strength of Joint/Av. ult. strength of cord) - 100
(5680/5498) - 103.3%.

CONCLUS I ONS
Efficiency is relatively high. Retest using

different test set up.

TESTED By K. Hinkle 1;/17/68 DATE COMPLETED 10/21/68
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LABORATORY TEST REQUEST/REPORT

fITEM(S) TO BE TESTED (PROJECT
l NO. ,. n • _

Joint, reefing line splice TEST
NO. TL/11-l

PURPOSE (gULTIMATE f0PONT OF MEFFICIENCY QO(THER
STRENGTH FAILURE

TEST METHOD
Build and test 5 samples as per attached

sketch. Use Tinius Olsen Testing Machine, 12,000 lb
capacity with 12 In/min load rate.

REQUESTED BY DATE REQUESTED IREQUEST APPD. BYl DATE APPROVED

MMK 11/20/68 SAT 11/20/68
TABLE COMMENTS

Sp le Ult. strength. lb See sketch for zone of
failure.

1 2640
2 2840 Average ultimate strength
3 2550 of control sample is 2749 lb
4 2580 (see test TL/3)
5 2600

Av. 2642

RESULTS
1. Efficiency of the joint it: 100 x (Av.

ult. strength of jcint/Av. ult. strength of control
sample) - 100 (2642/2749) - 96%.

2. Efficiency of the joint Is: 100 x (Min.
t.s. of joint/Min. t.s. of control sample) - 100 (2550/
2680) = 95%.

CONCLUSIONS
Ultimate szrength of splice Is acceptable

for Intended application.

TESTED BY M.. Knor 11/21/68 DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

-ITEM(S) TO BE TESTED . PROJECT
Attachment, center line to vent NO0. E-0l15

ring. get. NALAhS Dwg. no. TEST
X11-1-1650 NO. TL/18

PURPOSE (UULTIMATE FAPO., F MEFF|CIENCY QOTHER
STRENGTH FA.L. .

Use Tinius Olsen Testing Machine, 60,000 lb
capacity with 4 In/min load rate. Fabricate 4 samples
and test as per attached sketch.

REQUESTED BY DATE REQUESTEDIREQUEST APPD. BY DATE APPROVED

N11 12/12/68 RAT 12/12/68

TABLE COMMENTS

10 Ult. strength. lb See attached sketch for
tý.e zone of failure.

1 27,050
2 27,300
3 24,600
4 24,600

Av. 25,887.5

I ESULTS.. ..... .
Efficiency of the Joint is: 110 % (Av. ult.

strength of Jolnt/Av. ult. strength of control sample)
100 (25,887.5!31,024) - 83.4.

CONCLUSIONS
Ultimate strength of joint is acceptable

for intended application.

TESTED ByM. ] DAT9 COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITE M( $S) 'T O BE TIEST'ED ' PRO JECT E 0 1 1
Attachment, center line to clevis NO. EOS

Ref. NALAB5 !Dwg. no. Xllo1-1650 FTESTN. TI,/19

PURPOSE aULTIMATE 0OPOINT OF MEFFICIENCY [OTHER
STRENGTH FAILURE

TEST" METHOD, |,, ,m mUs- Tinius Olsen Testing Pachine, 60,000 lb
capacity with i In/min load rate. Fabricate 3 samples
and test as per attached sketch.

REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED

S12/12/68 RAT 12/12/68

TABLE COMMENTS

Sample Ult. strength, lb See attached sketch for
the zone of failure.

1 28,800
2 28,450 During each test Jaw
3 28,000 break occurred at the upper

fixture.
Av. 28,190

RE SULT S Data obtained during the test indicate that
the Joint Is 931 efficient. Owing to the Jaw breaks it
can be assumed that efficiency Is actually better than
Indicated above.

CCNCLUS I ONS

Intended. Attachment is acceptable for application

TESTED BY M.M. Knor 12/23/68 DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO SE TESTED PROJECTNo. E-0154
Riser extension splice TEST

NO. TL/20

PURPOSE G"ULTIMATE (JPOINT OF [BEFFiC|ENCY [JOTHER
STRENGTH FAILURE

TEST 14ETHOD Use Tinius Olsen Testing Machine 60,000 lb

capacity with 4 in/mmn load rate. Pabricate and test
5 samples a5 per attached sketch.

REQUESTEO BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED

t x1 12/12/68 RAT 12/12/68

TA8LE COMMENTS

SaMle Ult. strengh lb

13,350
2 13,500
3 13,7C0
1 13,550
5 13,660

Av. 13,540

AESVLT5

S Joint efficiency is: 100 x tAv. ult. strength
of *oirnt/Av. ult. strength o; control sample)
100 (13,540/i5.51Z - 871.

Ultisiate strength of splice is ncceptable
for intended appl~catic-s.

TESTED BY M.N. Knor 12/1 COMPLETED
10C,___. . .. .. j

' I00Z
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LABORATORY TEST REQUEST/REPORT

ITEM(S) Tu 5E TESTED PROJECT
NO. E-0l5• *

Center-line splice N T EST
NO. T/2i

PURPOSE Q ULTIMATE WjPOINT OF OxEFFICIENCY OOTHER
STRENGTH FAILURE

TEST METHOD Use Tinius Clsen Testing Machine, 60,000 lb

capacity with 4 in/min load rate. Fabricate and test
5 samplea us per attached sketch.

REQUESTED BY DATE REQUESTED IREQUEST 'Apr. BY DATE APPROVED

IKN 12/12/68 RAT 12112168

TABLE CONWENTS

Sample Ult. strength. lb

1 13,800 Stitching failed.
2 13,00 Web below the stitching.
3 12,200 Stitching tailed.
4 12,950 Stitching failed.
5 13,50 Stitching failed.

Av. 13,400

Refer to sketch E-054L, TL/20
and note for center-line
spilce, wrap Is Ty. X11.

RESULTS
Joint efficiency is: 100 x (Av. ult. strength

of Joint/Av. ult. strength of control sample)
100 (13,400/15,512) - 86%.

CONCLUS!, S
Ultimate strength of splice Is acceptable

tor int4nded application.

TESTEL 3 A.M. Knor 1/2/69 IVATE COMPLETED

p . rm . m



LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT
NO.

Attachment, riser to clevis TEST
Ref. NALABS Dwg. no. Xl1-1-651 NO. TL/22

PURPOSE (2ULTIMATE GPOINT OF MEFFICIENCY QOTHER
STRENGTH FAILURE

TEST METHOD ....
Use Tinius Olsen Testing Machine, 50,000 lb

capacity with 4 in/min load rate. Fabricate 3 samples
and test as per attached sketch.

REQUESTED BY DATE REQUESTED REQUEST APPD. BY DATE APPROVED

M 1 12/12/68 RAT 1 12/12/68

TABLE COMM4ENTS

Sample Ult. strength, lb See sketch for the zone
1 of failure.

1 26,000

2 24,400
3 26,150

Av. 25,51T

RESULTS
Joint efficiency Is: 100 x (AV. ult. strength

of Joint/Av. ult. strength of control sample)
100 (25,517/28,012) - 88%.

CONCLUSION~S Ultimate strength of Joint Is acceptable

for Intended application.

1TESTED BY M.M. Knor 12/23/6 DATE COMPLETED
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LABORATORY TEST REQUEST/qEPORT

ITEM(CS) TO BE TESTED PROJECT

Attachment, riser to link NO. E-0154

Ref. NALABS Dwg. no. Xll-1-1651 TEST
NO. TL/23

PURPOSE CaULTIMATE WPOINT OF MEFFICIENCY OOTHER
STRENGTH FAILURE

TEST ETHOD Use Tlnlus Olson Testing Machine,
12,000 lb capacity with 4 in/min load rate. Fabricate
5 samples and test as per attached sketch.

'REQUESTED BY DATE REQUESTED R'EQUEST APPD. BY DATE APPROVED

M 12/12/68 RAT 12/12/68

TABLE COMMENTS

Sample Ult. strength, lb See attached sketch for
the zone of fallure.

1 5,400
2 5,460
3 5,520
4 5,430
5 5,250

AV. 5,412

RESULTS
Joint efficiency is: 100 x (Av. ult. strength

of Joint/AV. ult. strength of control sample)
100 (5,412/7.253) - 75%.

CONCLUýIGNS
Ultimate strength of Joint is acceptable

Sfor intended application.

TESTED By N.M. Knor 12/18/68 jOAIE COMPLETED
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